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Abstract

The integration of 2D-to-3D transformation algorithms with Transformer networks and Augmented Reality (AR)
has brought immense innovation into immersive retail experience. The article discusses methodologies relying
on Transformers in order to recover 3D shoe models from 2D images and introduce them into AR worlds. With
the presented system, consumers have the opportunity to virtually try different shoes without needing to physically
go to the shop, enhancing comfort, convenience, and customization. Based on examining recent trends and
comparing different strategies, this paper provides an in-depth overview of the current scenario, real-world
applications, and prospects of future AR-based virtual shoe fitting.
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I.  Introduction

Retail and fashion industries are changing at an unprecedented rate with the emergence of immersive
technologies, transforming the way people learn about and purchase products. Shoe shopping in the past involved
going out to brick-and-mortar stores, standing in queues for hours, having limited options, and trying on multiple
shoes. Not just is it time-consuming, but also creates high return rates due to size and style mismatches.
Augmented Reality (AR) is changing this experience with the ability of customers to virtually try on shoes in
real-time using mobile apps, enhancing the shopping experience and convenience [12, 41].

As retail continues to be transformed by digitalization, AR has emerged as a potent force for increasing
customer engagement. By projecting virtual objects onto the physical world, AR allows customers to see and
engage with products in an extremely immersive manner. This is especially effective in the footwear sector, where
virtual try-on technologies can reduce the dependence on brick-and-mortar stores and streamline the purchasing
process [3, 42].

Deep learning breakthroughs, particularly with Transformer-based systems, have extended the
capabilities of AR applications by enhancing the accuracy and speed of 3D reconstructions from 2D images.
Conventional approaches such as photogrammetry and multi-view stereo tend to involve several inputs of images
and high computational resources, which come with delays and sometimes inaccuracy [18, 36].

Transformer-based models, nevertheless, have changed this landscape by allowing for the creation of
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high-fidelity 3D models from a single 2D image. Such models utilize self-attention mechanisms to capture subtle
geometric associations and texture information with great accuracy, producing realistic and intricate 3D
representations [4, 27, 45].

Combining these 3D models with AR environments solves some of the long-standing problems of e-
commerce, including product misrepresentation and excessive return rates. Through realistic virtual try-ons,
consumers are able to more accurately evaluate fit, style, and appearance of shoes prior to buying, raising their
confidence in online shopping choices [9, 39]. In addition, AR-based apps provide interactive customization
features, enabling users to change shoe colors, materials, and designs in real-time, creating a very personalized
shopping experience.

This article explores the techniques behind 2D-to-3D conversion for shoe modeling, analyzes their
incorporation into AR systems, and discusses the revolutionary effect on retail and beyond. Through an analysis
of recent developments and a review of the existing body of research, this review seeks to offer a complete picture
of how Transformer-based models and AR technology are revolutionizing the future of digital retail.

Il.  Literature Review

2.1 2D-t0-3D Shoe Reconstruction: The conversion of 2D images into precise and high-fidelity 3D
models has been a major challenge in the field of computer vision for a long time. Conventional techniques like
photogrammetry and multi-view stereo need multiple views and computationally expensive processes to build
high-detail 3D shapes [18, 36]. These methods tend to be plagued by problems such as occlusions, texture
mapping inconsistencies, and the requirement of large datasets, rendering them unsuitable for real-time
applications such as virtual shoe try-ons.

Deep learning models, especially those founded on Convolutional Neural Networks (CNNs), later solved
some of these problems by bringing in automated feature extraction and enhanced object representation.
Nevertheless, CNN-based approaches continued to have difficulties with long-range dependencies and complex
texture details [31, 43]. The Transformer-based architecture has transformed this field, bringing dramatic
accuracy and efficiency gains. Transformers utilize self-attention mechanisms to learn global context in an image,
which allows for generating high-quality 3D models from a single 2D input with preserved structural and textural
consistency [16, 29].

Hybrid methods that mix Transformers with new state-of-the-art methods such as Neural Radiance
Fields (NeRF) and implicit surfaces have further enhanced 3D reconstruction. NeRF-Texture models, for
example, incorporate volumetric rendering and Transformer networks to produce photorealistic 3D models,
maintaining small details and texture materials [30, 37]. Likewise, diffusion models sequentially improve 3D
predictions with increasingly stable and realistic shapes across a sequence of denoising processes [8, 40].

Single-view 3D reconstruction methods have also been investigated in recent studies, in which models
derive 3D shapes from a single 2D image. Such methods, based on Transformer networks, overcome the issue of
limited data availability and computational efficiency by encoding long-range dependencies and context
information [39]. Additionally, Gaussian Splatting methods have been utilized to improve novel view synthesis
and 3D model precision, providing new opportunities for real-time applications [40].

Implicit neural representations, including signed distance fields and occupancy networks, have been
combined with Transformer models to enhance the compactness and versatility of 3D data structures. These
techniques support faster rendering and greater accuracy in representing intricate shapes, making them ideal for
real-time AR applications [31, 43]. Through the use of these hybrid techniques, researchers have made impressive
breakthroughs in the fidelity and efficiency of 3D shoe reconstructions, establishing new standards for realism
and performance.

2.2 3D Modeling Transformer Architectures Transformers, initially developed for Natural Language
Processing (NLP), have shown unparalleled flexibility in image-related tasks, such as 3D object reconstruction.
Vision Transformers (ViTs) and their extensions use the self-attention mechanism on image patches, allowing a
thorough grasp of spatial interactions and world context [6, 28]. Such a strategy differs from classical CNNs,
which depend on local feature extraction and tend to overlook wider context details essential for precise 3D
modeling.

For shoe modeling, Transformers have been extremely useful in capturing subtle details such as stitching
patterns, sole curvature, and material changes. TSNeRF and TVNeRF models improve this by adding semantic
contrastive learning and total variation maximization, mapping textual descriptions to visual outputs and
maintaining texture consistency [16, 29]. These methods guarantee that 3D shoe models not only represent correct
geometric structures but also have realistic textures and stylistic differences.

Other innovations involve the incorporation of implicit surface representations, e.g., signed distance
fields and occupancy networks, into Transformer architectures. These techniques provide more efficient and
adaptable data structures, supporting accelerated rendering and improved accuracy in representing intricate shapes
[31, 43]. Moreover, Panoramic Neural Radiance Field models (PERF) have been introduced to improve view
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synthesis and spatial consistency, further unlocking the potential of 3D modeling for AR applications [42].

2.3 Virtual Shoe Try-On using Augmented Reality Augmented Reality (AR) is a revolutionary
technology in the retail industry that allows users to see products in their real-world settings via digital overlays.
Virtual shoe try-on software utilizes AR technology to superimpose 3D shoe models onto users' feet in real-time,
creating an engaging and immersive shopping experience [3, 42].

Sophisticated tracking and rendering processes are essential in providing accuracy and realism to AR-
based visualizations. Spatial awareness is improved with Simultaneous Localization and Mapping (SLAM),
which modifies virtual shoe positioning dynamically according to user movement and surroundings [35, 44].
Markerless AR and real-time object tracking enhance responsiveness through minimizing latency and improving
the experience for the user [7, 32].

The combination of Transformer-based 3D models and AR systems takes the realism and interactivity
of virtual try-ons to the next level. Coupling high-fidelity reconstructions with physics-based rendering and
shadow mapping, the systems replicate natural material behaviors and environmental interactions [13, 23].
Enhanced occlusion handling makes the virtual shoes correctly placed and partially hidden when interacting with
real-world objects, further contributing to the sense of authenticity.

Additionally, interactive AR interfaces allow consumers to personalize shoe designs in real-time,
changing colors, materials, and sizes with simple controls. Such personalization not only maximizes user
interaction but also gives insights into consumer behavior, propelling product design and marketing innovation.
With the use of Transformer-based 3D models and AR technology, virtual shoe try-on systems provide a smooth,
interactive, and highly immersive shopping experience, shaping the future of digital retail.

Pre-processing Pipeline Transformer Pipeline
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Figure 1. Data Transformations Through The Pre-Processing And Transformer Pipeline.

I11.  Methodology

Transformer-Based Shoe Reconstruction There has been recent research proving the application of
Transformers to reconstruct 3D models from 2D images. Such models have revolutionized the conventional 3D
reconstruction by using self-attention mechanisms, enabling them to capture global dependencies in an image
more effectively than CNN-based approaches. This is especially useful in shoe modeling, where complex textures,
changing materials, and special structural designs require high-fidelity reconstructions [16, 29].

NeRF-Texture models, for instance, utilize Neural Radiance Fields alongside Transformer models to
boost texture generation and 3D geometry. NeRF captures volumetric 3D data using continuous 3D information
and marries this with the capacity of the Transformer to study inter-patch relationships, thus yielding an all-
encompassing and realistic 3D shoe model [30, 37].

Another hopeful path is the use of diffusion-based models for 3D structure generation. The models
successively denoise noisy image estimates, incrementally reconstructing detailed and realistic 3D shapes via a
sequence of denoising operations [8, 40]. This successive strategy guarantees higher shape coherence and realism
by overcoming typical issues such as occlusions and absent details in 3D reconstructions.

Some of the latest research involving single-view 3D reconstruction models has presented how
Transformer models are capable of inferring high-quality 3D shapes using a single image in 2D, better than current
alternatives in terms of data needs and computational expense [39]. Similar techniques, including Gaussian
Splatting, have also been applied to aid the novel view synthesis and 3D shoe models' visual faithfulness [40].

In addition, hybrid approaches combining Transformer models with implicit neural representations like
signed distance fields and occupancy networks provide small yet versatile 3D data representations. The techniques
enable the reduction of rendering times and increases the accuracy for geometry modeling for detailed geometries
and are especially fitting for real-time AR rendering applications [31, 43].

In addition, panoramic neural radiance field (PERF) models extend the ability of Transformer-based
models by allowing greater environmental perception and view synthesis from a single panoramic image. This
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method is superior for enhancing spatial consistency and depth perception and is thus ideal for AR environments
that demand accurate object placement [42].

Parallel adaptive stochastic gradient descent algorithms have also been coupled with Transformer
models for optimizing latent factor analysis in high-dimensional data to guarantee that the 3D reconstructions are
kept both detailed and efficient across various datasets [41]. These approaches enhance model performance by
balancing computation load and maximizing convergence rates and are thus useful for real-time AR applications.

AR Application for Footwear Visualization Applying AR-based virtual shoe try-ons is a matter of
combining real-time foot tracking with 3D shoe models created by the Transformer. This entails a high-end
pipeline integrating computer vision, deep learning, and AR rendering methodologies to facilitate correct
alignment and natural visualization [11, 29, 33].

Real-time foot tracking is accomplished through sophisticated pose estimation algorithms that recognize
and analyze foot contours from video input. Such algorithms leverage deep learning-based models such as
OpenPose and MediaPipe, trained on large-scale human posture datasets to offer reliable and precise keypoint
detection [7, 32]. Through the projection of these key points onto a 3D space, the system synchronizes virtual
shoe models with the user's real foot movement, creating a natural and interactive try-on experience.

Apart from pose estimation, shoe visualization in AR also depends on physics-based rendering to mimic
natural material behaviors. Methods such as Physically Based Rendering (PBR) take into consideration the
reflection of light, texture, and environmental factors to produce photorealistic virtual shoes that respond
realistically to changes in lighting and view [13, 23].

Sophisticated occlusion management takes visual realism another step further by guaranteeing virtual
shoes properly respond to real objects. Depth cameras and LiDAR sensors measure spatial relations of the user's
feet with real environments, thus enabling virtual shoes to look rightly placed and in part occluded when needed
[35, 44].

In addition, shadow mapping methods help to make virtual try-ons more realistic by creating realistic
shadows that respond to the lighting conditions of the user's surroundings. This entails computing the location
and intensity of light sources and casting precise shadow contours onto the virtual shoe model [7, 32].
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Figure 2a. Computational Efficiency Analysis: Inference Time And Frame Rate Variations With Input
Resolution For Transformer And Nerf Models
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Figure 2b. Memory Utilization And Reconstruction Fidelity: Comparative Analysis Of Memory
Consumption And Peak Signal-To-Noise Ratio (PSNR) Across Input Resolutions For Transformer And
Nerf Models

DOI: 10.9790/0661-2702030110 www.iosrjournals.org 4| Page



Reimagining Shoe Shopping: 2D-To-3D AR Try-Ons Using Transformers

Lastly, the integration of user feedback through interactive AR interfaces makes the overall experience
better. Real-time customization, where users can modify shoe colors, materials, and sizes using simple touch
gestures, is a highly personalized shopping experience. By combining Transformer-based 3D models with these
interactive features, AR-driven shoe try-on systems provide a smooth and immersive platform for digital retail.

Furthermore, the integration of Al recommendations and AR interfaces holds the potential to deliver
personalized product suggestions based on behavior and preference. Through evaluation of past choices and
visualization of proposed styles in real-time, the system delivers personalized recommendations further
augmenting customer experience and enhancing engagement [25, 26].
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Figure 3. 3D Model Generation and AR Integration Pipeline
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Comparison Table

Feature

Core Approach

Input Data

Output

Computational Cost

Training Time

Real-Time Inference

Detail & Accuracy

Generalization

Ability

Occlusion Handling

AR/VR Application

Suitability

Best Use Case

NeRF (Neural
Radiance Fields)

Implicit neural
representation

Multiple 2D images
from different
angles

Volumetric
rendering, dense
point clouds

Very high (due to
ray tracing)

Very long (hours to
days)

Not feasible (slow
rendering)

High-fidelity
textures & lighting
effects

Poor (overfits to
specific scenes)

Struggles with
hidden parts

Limited due to slow
rendering

High-quality
rendering for static
scenes (movies,
VFX)

CNNs
(Convolutional
Neural Networks)

Feature-based
learning with filters

Single/multiple 2D
image

3D mesh, point
clouds, voxel grids

Moderate (efficient
on GPUs)

Faster than NeRF
but can be slow for
complex tasks

Feasible (optimized
CNNs work in real-
time)

Good but struggles
with fine details

Moderate
(pretrained models
can generalize)

Struggles unless
multi-view input is
used

Widely used (fast
and efficient)

Object recognition,
segmentation,
structured 3D
modeling

Transformers for 3D
Modeling

Self-attention for
global feature
extraction

Single/multiple 2D
images

3D mesh, point
clouds, voxel grids

High (requires
significant memory
and processing)

Faster than NeRF
but slower than
CNNs

Feasible with
optimized
architectures

Captures global and
local details
effectively

High (self-attention
allows flexible
adaptation)

Handles occlusions
better due to global
context modeling

Emerging but
promising for
dynamic AR models

General-purpose
3D reconstruction
and AR-based
applications

Figure 4. Performance comparison of NeRF, CNNs, and Transformers for 3D modeling
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IV.  Results And Discussion

4.1 Consumer and Online Shopping Virtual try-on apps have extensive advantages to web-based sellers
since they save money on products' returns as well as contribute towards increased interaction of customers with
websites. Retailers can better serve the consumer while increasing business as they allow them to envision
wearing various footwear types. Previous studies have illustrated how AR virtual try-ons make higher conversion
and consumer satisfaction [20, 34]. The integration of Transformer-based 3D models and AR visualization
provides unparalleled realism, with virtual try-ons that are almost unrecognizable from physical fitting. This not
only increases user confidence but also lessens logistical cost burdens related to product returns and exchanges
[25, 26].

Additionally, AR-based shoe try-ons reduce the risk of size and style mismatches, a critical issue in
online shoe shopping. With real-time feedback on fit and look, customers make more educated buying choices,
resulting in greater satisfaction and fewer returns [30, 37]. Higher-end AR features such as material simulation
and environmental adaptation further augment the user experience by providing realistic visualizations of various
shoe textures and designs in diverse lighting environments [13, 23].

The combination of Transformer-based 3D modeling with AR technologies also promises virtual
showrooms, where customers get an opportunity to browse through entire collections of products from the comfort
of their own homes. Such immersive experiences not only offer realistic previews but also enable interactive
capabilities like real-time comparisons and personalized recommendations, which favor improved decision-
making and engagement [8, 40]. Reduced physical store dependency results in cost savings for retailers while
increasing their reach to global markets.

2D to 3D Conversion using Transformer

2D Input Image Generated 3D Model

alle —> 4%

- wm e S

2D Input Image Generated 3D Model

Figure 5. Shoe Model Reconstruction: From 2D Input to 3D Output Using Transformers

Personalized Footwear Design Footwear manufacturers and brands can use Transformer-based 3D
modeling to offer customers personalization. Customers can create and view custom footwear in AR prior to
ordering, saving production costs and maximizing customer satisfaction. With the addition of Al-driven
recommendations, the system can offer suggestions based on user choices, maximizing personalization [25, 26].
Sophisticated parametric modeling methods enable users to modify shoe size, color, and material in real-time,
creating an authentic interactive design experience [30, 37].

Besides, real-time customization with AR interfaces also enhances higher consumer imagination,
allowing them to instantly visualize personalized combinations of style and materials. This minimizes physical
prototyping, making the production process more efficient and reducing material wastage [16, 29]. Additionally,
Al-driven design recommendations informed by user action and present trends deliver a more immersive and
personalized shopping experience [9, 39].

Partnerships among shoe manufacturers and AR app developers have also brought about the innovation
of virtual product launches and fashion shows with global reach, opening up market access for tailor-made
designs. Interactive engagement and immediate feedback during the virtual event broaden market impact and
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brand touch points [31, 43]. These types of initiatives present opportunities for exploiting synergies among AR
and 3D modeling technology for out-of-the-box marketing and consumer communication.

4.3 Accessibility and Sustainability Virtual shoe fitting technology has the ability to aid the mobility-
impaired by allowing them to purchase items at home. Further, by cutting down on the requirement of physical
trials, it reduces the impact on the environment through reduced packaging waste and transportation emissions.
Evidence suggests that shopping experiences supported by AR result in considerably lowered carbon footprints
from conventional retail supply chains [13, 23]. By preventing overproduction and unsold stock, virtual try-ons
help towards a more sustainable retail environment, consistent with international attempts to reduce
environmental footprint [20, 34].

Additionally, the effectiveness of Transformer-based models in producing precise 3D reconstructions
from limited input data minimizes computational expenses and energy usage, making them eco-friendly [8, 40].
This convergence of AR and Transformer-driven models offers a future-oriented strategy for responsible and
effective digital retailing, balancing technological advancement with environmental awareness.

V.  Conclusion And Future Work

The combination of Transformer-based 2D-t0-3D reconstruction methods with augmented reality (AR)
is revolutionizing the shoe industry, creating new possibilities for innovation and consumer interaction. Virtual
try-ons enable an advanced and engaging alternative to shopping in-store, revolutionizing the online consumer
experience through reduced return rates and heightened consumer confidence. Through utilizing accurate 3D
modeling and with full integration of AR, these technologies will define the future of e-commerce.

Nevertheless, in spite of these developments, there are certain challenges that remain. Transformer
models require high computational capacity, which becomes a hindrance to making them real-time-enabled on
mobiles. It is by creating light and efficient models balancing performance and effectiveness without dropping
quality that one can address this challenge. Increasing the realism of materials using sophisticated texture
generation and physics-based rendering has the potential to further boost the visual realism of virtual shoe try-
ons, providing more real-life-like user experiences [8, 40].

Providing greater hardware platform compatibility for AR applications will be a key to their mass
adoption. Al-based personalization, ranging from smart style suggestions to accurate fit analysis, can further
enhance the user experience. Hybrid methodologies combining implicit and explicit 3D modeling techniques
could also contribute to more efficient and scalable solutions [9, 39].

Future studies may also be directed toward improving foot tracking and pose estimation algorithms.
Better real-time motion capture and alignment would increase the precision of virtual footwear placement, making
the try-on process more seamless [7, 32]. Additionally, incorporating haptic feedback and sensory interactions
would bring a tactile component to virtual shopping, enabling users to feel material textures virtually [20, 34].

Sustainability continues to be an R&D priority. Improving computational efficiency and lowering energy
expenditure in 3D modeling has the potential to lower the environmental impact of AR systems [13, 23].
Additionally, the emergence of AR-driven secondary markets and rental websites could foster sustainable
consumption behaviors, upholding the tenets of the circular economy [35, 44].

Ultimately, the intersection of academia, industry, and software developers will play a central role in
breaking down technical barriers and taking the industry forward. Through pushing the boundaries of existing
technology, the future generation of AR-facilitated virtual try-ons has the potential to re-imagine the future of
online shopping, raising new standards of convenience, sustainability, and customer satisfaction.
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